Introduction
Because stocks and bonds are claims on the same corporate assets, the arrival of publicly available information that affects the market values of these assets should concurrently affect their returns. But, if one of the two markets is relatively more efficient than the other, then the returns of the more efficient market can reflect information faster than the returns of the less efficient market. Therefore, these returns have the power to predict the future returns of the security traded in the less efficient market. As a result, the activities of informed traders lead to a lead-lag relation for the returns of the two securities. The possible differences in the level of informational efficiency of the two markets could be due to the different types of investors and the different informational environments that prevail in the two markets. The bond market is typically dominated by sophisticated institutional investors who have better and faster access to relevant information than private investors who tend to prefer the stock market. Thus, institutional investors incorporate relevant information faster than private investors that implies the bond market should be more informationally efficient than the stock market.
Then again, there are many more financial analysts that follow the stock rather than the bonds of a firm. Thus, more stock-related research is produced and disseminated to the buy-side investors, as compared to the bond-related research that is mainly limited to firms rated by credit rating agencies.
Further, stock analysts tend to revise their recommendations about a firm more frequently compared to the rating agencies that follow the same firm. Hence, stock prices should incorporate relevant information faster than bond prices, and the stock market should be more informationally efficient compared to the bond market. Under both scenarios, a lead-lag relation between the returns of the two securities should be observed. Further, a growing body of literature finds that stock markets might not integrate all of the available information instantly (e.g., Hong et al., 2007; Hou, 2007) . Under this scenario, the lagging market has a limited ability to fully incorporate the information reflected in the leading market. Thus, it is possible that bonds might lead in incorporating a particular type of information, such as a change in the probability of default, and lag in incorporating another type of information, such as an increase in sales revenue. Further, in the presence of information asymmetries, informed traders tend to systematically trade in either the bond or the stock market because of differences in trading fees, mechanisms, liquidity, institutional constraints, marginal tax brackets, and insider-related legislation (i.e., disclosure requirements).
In this paper, I investigate the relative informational efficiency of the recently launched electronic Order book for Retail Bonds (ORB) of the London Stock Exchange (LSE). According to the EU Prospectus Directive (2010) a retail bond is a bond that is traded in units of less than £50,000.
To a large extent, the retail bond market can be thought of as the non-institutional part of the buyside. The ORB was launched on February 1, 2010, to satisfy the increasing demand of UK private investors for easy access to retail bond trading. Indeed, a survey by the Association of Private Client Investment Managers and Stockbrokers (APCIMS) reports that demand for corporate bonds by private investors has quintupled since 2008 (LSE, 2013) . The intention of the ORB was also to grant UK small-and medium-sized firms direct access to an untapped segment of the debt market. The APCIMS estimates that in a few years the ORB is likely to attract an extra £20 billion per year of fresh investment to the UK corporate debt market. The importance of this new source of financing for small-and medium-sized firms and its relevance to the recovery of the UK economy is well highlighted in the Breedon Report that recommends, among other things, that the United Kingdom needs to "increase the UK retail investor appetite for corporate bonds" (DBIS, 2012a) . 
UK bond markets to mid-sized firms, so it's great to see this report setting out how this can be done. To help stimulate demand for bonds issued by mid-sized businesses we need to develop a retail market, …" (CBI, 2012).
economic environment where interest rates have reached very low levels that offer private investors limited choices in fixed income investments, and firm financing is neither easily available nor cheap; the introduction of an informationally efficient secondary market for retail bonds might significantly help small-and medium-sized UK companies to raise the much needed financing not currently available from banks. 2 Despite the importance and the size of the bond markets, corporate bonds usually trade in a rather opaque environment with only a few market professionals that have access to information such as the prices at which dealers are willing to transact and the actual prices of completed bond trades. 3, 4 As a result, the literature on various aspects of the corporate bond markets is quite limited and rather inconclusive. On one hand, a number of studies find that stock returns lead bond returns and, therefore, the stock market is relatively more efficient than the bond market (e.g., Downing et al., 2009; Kwan, 1996; Blume et al., 1991; Cornell and Green, 1991; Hong et al., 2012; Gebhardt et al., 2005) . On the other hand, Hotchkiss and Ronen (2002) , Ronen and Zhou (2013) , and Bittlingmayer and Moser (2014) show that no evidence exists that stock returns systematically lead bond returns, or that the stock market is more efficient that the bond market. According to Downing et al. (2009) , Hotchkiss and Ronen (2002) , and Alexander et al. (2000) , these conflicting findings could be attributed to the opaque nature of the corporate bond market and to the complex relation between the returns of a firm's stock and its publicly traded high yield debt that exhibits both similarities and 2 According to figures from the Bank of England, the growth rate of stock lending to nonfinancial UK businesses was -5.2% (-£2.1 billion) in 2010, -2.1% (-£0.8 billion) in 2011, -3.7% (-£1.5 billion) in 2012, and -3.0% (-£1.1 billion) by the end of November 2013 (Bank of England, 2014).
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The global corporate bond market is enormous. According to the Bank for International Settlements (BIS, 2013) , the global corporate bond market's outstanding amount at Q2 of 2013 was $45.65 trillion. This is about 87% the size of the global equity market and about 67% of the global GDP. The largest corporate bond market is by far the US market (46.39%, $21.18 trillion), followed by the UK (7.70%, $3.51 trillion), and the Japanese (7.61%, $3.47 trillion).
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As Blume et al. (1991) discuss, a published bond price might be an actual transaction price, a bid and ask average, or either a bid or an ask price. They show that the return calculated by using any of these four possible prices is upward biased, and the bias increases as the bid-ask spread widens; similar concerns are also raised by Sarig and Warga (1989) and Nunn et al. (1986). differences. The motivation for my study is to examine for the first time how new information is incorporated into the bond prices of the newly launched ORB. Unlike existing bond markets, the ORB allows all market participants access to continuously posted bid and ask prices via live data feeds that therefore could help to minimize information asymmetries. This high level of transparency contributes to the motivation to investigate the ORB's informational efficiency relative to the underlying stock market.
The results on the relative informational efficiency of the ORB market have direct implications for investors, bond issuers, and regulators. For instance, if stocks lead bonds, then investors might buy (sell) a firm's bond after observing an increase (decrease) in the firm's stock price. The investors are also likely to face higher transaction costs in the less efficient market because of the greater variance in the pricing error (i.e., deviations of the market price from the 'fair' price).
Consequently, traders might not trade as frequently or at such large volumes because of the high implicit costs (see, e.g., Edwards et al., 2007; Bessembinder et al., 2006; Goldstein et al., 2007) . This is also of interest to the bond issuers because firms are likely to raise financing more easily and less expensively in an informationally efficient market. This is especially important for small-and medium-sized firms because corporate bonds typically have a maturity of between seven and ten years. This time frame provides these firms with enough time to grow because of the longer term financing compared to bank loans. Thus, the introduction of the ORB can potentially help these firms to decrease their dependence on bank borrowing and lower their cost of debt, which ultimately could benefit the British economy as a whole. However, if the ORB market is unappealing to private investors (e.g., an inefficient market), then firms might have to sell their bonds at a significant discount in order to tempt potential buyers. For regulators and supervisory bodies, the findings of this study can help them to adopt policies that could improve the efficiency of the ORB, making the UK retail bond market a level playing field for all market participants. This level field could lead to the further development of the retail bond market and the better allocation of capital resources that eventually will benefit the UK firms and economy.
I use a bivariate vector autoregression model to examine the lead-lag relation between the daily returns of the ORB corporate retail bond portfolios and the daily returns of the underlying stock portfolios. The use of bond portfolios helps to mitigate the problems related to non-synchronous data, stale quotes, and extreme differences in liquidity in the bonds in my sample that could affect the interpretation of the observed lead-lag relations. I also regress the daily returns of the retail bond portfolios on the daily returns of UK government bonds and the FTSE All Shares index to examine the sensitivity of the retail bond returns to interest rates and stock market movements. Finally, I assess the economic significance of my results for industry practitioners by examining whether the lead-lag relation between bond and stock returns represents profitable trading opportunities. In particular, I address the following questions: Is the informational efficiency of the ORB different to that of the underlying stock market? And do the empirical results have any economic significance for industry practitioners?
I find that the daily stock returns lead the daily retail bond returns for the portfolios of bonds born in the ORB, the bonds that were transferred to the ORB from the LSE's Main Market as well as for bonds of different credit quality, issue size, and time to maturity. I also find that the daily returns of the portfolios of bonds born in the ORB; the bonds that were transferred to the ORB from the Main Market; and of the high yield, not rated, and the middle maturity bonds are significantly related to the daily returns of the stock market. Overall, the empirical results indicate that the underlying stock market is relatively more efficient than the ORB in incorporating publicly available information. The relative informational inefficiency of the ORB together with its low level of transaction costs imply profitable trades on retail bonds for the private investors. The remainder of this paper is organized as follows. Section 2 provides a brief description of the ORB market. Section 3 describes the data used in this study, and Section 4 describes the methods used and presents the empirical results. In Section 5, I investigate the economic significance of the empirical results; and in Section 6, I summarize and conclude the paper.
The Order book for Retail Bonds of the London Stock Exchange
The ORB is an electronic retail bond market that is based on the LSE Group's highly successful Italian Mercato Obbligazionario Telematico (MOT) platform operated by Borsa Italiana.
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The ORB aims to enhance the depth and liquidity of the UK retail bond market. The tax treatment of the ORB bonds is also appealing to private investors because retail bonds are exempt from a stamp duty, while those bonds that mature in more than five years after their purchase can also be included in Individual Savings Accounts (ISAs) and Self Invested Personal Pensions (SIPPs). The new market is regulated by the European Union (EU), which requires a high level of disclosure and transparency, while the Financial Conduct Authority (FCA) monitors and supervises trading. Before the introduction of the ORB, private investors could only invest in retail bonds by trading units in funds of bonds or by buying or selling on the Over-the-Counter (OTC) market any of the more than 10,000 bonds listed in the LSE's Main Market; though most of these securities are not electronically tradable. However, for 5 There are not many organised retail bond markets globally. In addition to ORB and MOT, a well-known European retail bond market is Germany's Mittelstand which was launched at the same time as ORB (i.e., February 2010). As Biais et al. (2006) discuss, retail bond investors typically access the bond market via various channels of financial intermediation, typically wealth managers and brokers, who then arrange a trade with a deal or market maker. At that level, retail bond trades are rather infrequent and this is the gap ORB attempts to fill. Further, there are several screen-based quote services that have been designed for retail trades. The most well-known is Bondscape (set up by HSBC and Barclays) which can be accessed by wealth managers and brokers but not by retail investors directly. A number of market makers support Bondscape, who post two way quotes for over 350 bonds. Other popular screen-based systems include the systems created by the Royal Bank of Canada and the Deutsche Bank. private investors, trading for the exact retail bonds they wanted was rather difficult and expensive.
Thus, arguably, the launch of the ORB has created a new asset class for private investors.
The ORB is similar in design to equity trading platforms, and private investors can place limit, market, and iceberg orders via the 36 registered member participants at a flat execution cost. The trading starts with an opening auction from 08.00 to 08.45 followed by continuous electronic trading until the closure of the market at 16.30. The bonds eligible for trading on the ORB must be listed in the LSE's Main Market, be eligible for settlement via CREST (i.e., UK's settlement system), and have a denomination of less than £10,000. The standard settlement timetable for corporate retail bonds is T+3 and for government retail bonds is T+1. Eleven dedicated market makers are committed to providing sufficient levels of liquidity by continuously posting two way prices during the trading day.
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Similarly to equity trading, the ORB allows investors to trade in sizes as small as £1 for gilts and £1,000 for corporate bonds and to observe the price discovering process via third party live data feeds. The tick size for all ORB bonds is standardized at £0.01, admission fees range from £2,500 to £4,200 for international issuers and from £5,000 to £20,000 for UK issuers, and there are no annual maintenance fees.
Although it is just over four years since the introduction of the ORB, its launch seems to have been a success. At the beginning, and in order to boost the development of the retail bond market, LSE transferred a number of selected retail bonds from its Main Market to ORB. However, since then the ORB market has successfully expanded and small-and medium-sized firms have since accessed the retail bond market. For example, initially only 59 gilts and corporate bonds were available for corporate bonds on the ORB but they account for over 70% of all trading. Further, 77% of the ORB born bonds were issued by small-and medium-sized firms. This percentage clearly indicates that despite the inevitable slow start due to the challenges many new markets experience, retail bond investors are increasingly participating in the ORB market (Moretta, 2013) . Encouraged by the early success of the ORB, Xavier Rolet, the LSE's CEO, disclosed that the LSE is contemplating expanding the retail bond market to continental Europe to compete directly with Deutsche Börse and Euronext (Sunday Telegraph, 2012). 7 It may seem like a paradox that Large-Cap firms also issue retail bonds. However, this might be because firms want to diversify in terms of funding sources, provide the opportunity to the small shareholders of the firm to invest in the bonds of the firm, through their ISAs and SIPPs, and to promote the name of the firm to fund managers on roadshows.
As of January 2014, there is a total of 179 bonds available for trading on the ORB. These include 106 corporate bonds, 68 gilts, 4 supranational (i.e., issued by the European Investment Bank), and 1 international corporate bond. Of the 106 corporate bonds, 97 are fixed rate, 8 are variable rate, and 1 is an inflation-linked rate bond. Further, of the 68 gilts, 57 are fixed rate, 8 are variable rate, and 3 are inflation-linked rate bonds. There are also four perpetual corporate bonds and six perpetual gilts. In addition, of the 111 corporate, supranational, and international corporate bonds, 90 are senior and 21 are subordinated bonds. In total, there are 41 new bond issues of which 33 are fixed rate, 4 are variable rate, and 4 are inflation-linked rate issues. ***Insert Table 1 about here*** Table 1 displays the descriptive statistics of all of the ORB corporate bond issues and the bonds traded on the ORB. Panel A reveals that there are considerable differences in the size of the bond issues. For example, although the average bond issue is £95 million, the smallest ORB bond issue is £10 million and the largest is £350 million. The mean coupon rate is 4.779% and the minimum and maximum coupon rates are zero and 7.500% respectively. 8 Further, there are considerable differences in the characteristics of all of the bonds such as the coupon, yield-to-maturity (YTM), duration, time remaining to maturity, and maturity (Panel B). For example, the minimum coupon rate is 0.041% and the maximum is 9.625%, while maturities range from 3 years to 55 years. The mean YTM is 3.370% but the minimum is -0.384%, and the maximum is 8.248%. The characteristics of the corporate bonds also vary significantly (Panel C). For example, the mean duration is 5.81 years, and the minimum and maximum values are 0.13 years and 18.32 years respectively. The mean maturity is 15.18 years but the maturities range from 4.38 to 35 years. There is also considerable 8 The minimum coupon rate of zero is offered by a 10-year £35 million inflation-linked issue by The Royal Bank of Scotland that pays 1.3 times any annual increase in the UK Retail Price Index (RPI).
variation in the characteristics of the ORB born corporate bonds (Panel D) and the pre-existing corporate bonds that were transferred to the ORB after its introduction from the Main Market (Panel E). For example, the YTM for the ORB born bonds is 4.651% while the YTM for the non-ORB born bonds is 3.541%. However, this is not surprising given that about 77% of the ORB born bonds were issued by Mid-Cap or smaller firms. For these firms, retail investors require a higher yield than bank deposits to be attracted to the retail bond market.
Given the observed differences in the characteristics of the ORB bonds, the empirical analysis is conducted by stratifying the sample according to credit quality, issue size, and time to maturity, as well as distinguishing between ORB born and non-ORB born corporate bonds.
Data and Sample

ORB corporate bond portfolios
My sample is based on the corporate retail bonds listed on the ORB and covers the time period of . The portfolio's characteristics I then consider to represent the characteristics of the debt issued for that particular firm. As a result the total number of bonds available for analysis decreases from 111 to 49.
Further, given the differences in the characteristics of the ORB corporate retail bonds, a priori, the stratification of the sample according to the bonds' credit quality, issue size, and time to maturity makes sense. Specifically, I follow the approach of Harris and Piwowar (2006) to allocate the bonds to three portfolios according to their credit rating. For that reason, I obtain the bonds' credit ratings from Moody's, Fitch, and Standard and Poor's (S&P) at the end of the sample period.
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I then use the descriptions of the credit quality of the three agencies to assign each credit rating to a common numeric scale from 1, for the highest credit rating (i.e., AAA), to 24 for the lowest credit rating (i.e., in default). I then calculate the average credit rating across the three agencies, and I assign each bond to a credit rating. If a bond is only rated by two credit agencies, I use the lowest rating. I then allocate the bonds to the 'Investment grade' and the 'High yield' equally weighted portfolios. A significant number of retail bonds are not rated by any credit agency, and therefore I allocate them to a 'Not rated' portfolio. The 'Investment grade' portfolio contains 39 bonds with a credit rating of BBB and higher that account for 83.34% of the debt issued by the bonds in my sample, the 'High yield' portfolio 9 Bessembinder et al. (2006) discuss the three main approaches used to deal with the issue of firms with multiple bond issues. The first approach is to treat each bond as a separate observation (the Bond Level Approach). But, this approach is problematical because the assumption of independent data points is violated, and therefore the error terms in the VAR and regression models that I apply in Section 5 could be correlated for firms with multiple bonds. In addition, because large firms with high credit ratings usually issue multiple bonds, this approach might lead to the overrepresentation of large firms in my sample. The second approach is to choose a representative bond for each firm (the Representative Bond Approach) according to some criteria, which are not necessarily objective. The problem with this approach is that bonds issued by the same firm but with different characteristics tend to react differently to events that affect the firm's value. Thus, the representative bond might not accurately capture the change in the value of the firm's debt. The third approach treats the multiple bonds of a firm as a value-weighted portfolio (the Firm Level Approach). This approach has the benefit of eliminating the problem of dependent error terms in my models while it also accurately represents the value change in the firm's debt. Bessembinder et al. (2006) find that value-weighted portfolio matching approaches are more powerful than equally weighted approaches.
contains only two bonds with a credit rating lower than BBB that account for 4.49% of the debt, and the 'Not rated' portfolio contains eight bonds not rated by either Moody's, Fitch, or S&P that accounts for 12.17% of the debt.
I also classify the bonds into three different size categories: an issue size of less than £50 million (Small), £50 to £150 million (Medium), or above £150 million (Large). This is an arbitrary choice but seems appropriate given the mean (£95.49 million), minimum (£10.00 million), and Maximum (£350.00 million) size values. I then form equally weighted portfolios. The Small bond portfolio contains ten bonds that account for 4.74% of the debt issued by the bonds in my sample, the Medium bond portfolio contains 23 bonds that account for 33.82% of the debt, and the Large bond portfolio contains 16 bonds that account for 61.44% of the debt. Further, I classify the bonds into three different equally weighted portfolios with respect to the time remaining to maturity. These include: 22 bonds with time remaining to maturity of less than 5 years (Near maturity) that account for 46.94% of the debt issued by the bonds in my sample, 21 bonds with time remaining to maturity between 5 and 15 years (Middle maturity) that account for 31.42% of the debt, and 6 bonds with time remaining to maturity of more than 15 years (Far from maturity) that account for 21.64% of the debt. This is also an arbitrary choice but seems appropriate given the mean (17.6 years), minimum (3.0 years), and Maximum (55.0 years) time to maturity values. Finally, I group the bonds according to whether they were issued in ORB (ORB born) or transferred to the ORB from the LSE's Main Market (Non-ORB born), and for the respective equally weighted portfolios. Table 2 around here*** The table shows noteworthy differences in the number of bonds in each portfolio. For example, the Non-ORB born bonds are over two times the ORB born bonds, there are only 2 High yield bonds compared to 39 Investment grade bonds, and only 6 bonds in my sample mature in more than 15 years. The table also reveals that, on average, the ORB born bonds offer a considerably lower coupon (5.739%) compared to the Non-ORB bonds (6.190%) that indicates that firms might raise financing more cheaply by issuing debt in the ORB market. The average yield of the ORB born bonds (4.339%) is also considerably higher, almost 100 basis points, than the yield offered by the Non-ORB bonds (3.341%). Despite these differences, the bid-ask spread is the same for the Non-ORB born and the ORB born bonds. Unsurprisingly, on average, the High yield bonds offer a considerably higher coupon (6.313%) compared to both the Investment grade bonds (5.865%) and the Not rated bonds (5.481%). The yields offered by the three bond portfolios are also considerably different with the High yield bonds offering the highest yield in order to tempt potential buyers. However, the transaction costs for bonds with lower credit ratings tends to be considerably higher than those for the bonds with higher credit ratings. Specifically, the average bid-ask spread for the High yield bonds is 1.60% compared to 0.70% for Investment grade bonds. The differences in coupon, yield, bid-ask spread, as well as the other characteristics of the bonds are noticeably smaller when the bonds are categorized according to their issue size. Further, Table 2 also indicates that bonds that are at least 15 years from maturity offer almost twice the yield of those that are due to mature in less than five years.
However, the bid-ask spread for the Near maturity bonds is 0.54% while the bid-ask spread for the Far from maturity bonds is considerably higher at 1.18%
Associated stock portfolios
I use the ISIN to match the ORB retail bonds with the stocks of the issuing firms. Table 3 contains information about the market capitalization, the Altman's z-score, and the total liabilities over the total assets ratio of the associated equally weighted equity portfolios. ***Insert Table 3 around here*** Table 3 shows that the average stock market capitalization varies from £36.7 billion for firms that have not initially issued their bonds in the ORB (but their bonds pre-existed and were transferred to the ORB from the Main Market) to £9.6 billion for firms that issued their bonds directly in the ORB. There is a considerable difference in the Altman's z-score (Altman, 1968) , a measure of financial distress, for firms with Non-ORB born bonds (2.09) and the firms with ORB born bonds (1.44); yet, the total liabilities over the total assets ratio does not indicate any significant leverage difference. The same ratio, however, indicates that the firms that issue bonds with a low credit rating or bonds that are not rated (i.e., High yield and Not rated bond portfolios) tend to be more leveraged than the firms that issue bonds with a higher credit rating (i.e., Investment grade). The Altman's zscore indicates that firms that issue high yield bonds tend to have a higher probability of bankruptcy compared to the firms that issue investment grade bonds. However, this is not true for firms that issue non-rated bonds. Table 3 also reveals considerable difference in the average market capitalization of the firms that issue bonds of small and medium size (i.e., £11.1 and £16.9 billion) compared to the firms that issue large bonds (£53.7 billion). Notably, there is also a higher probability of bankruptcy for firms that issue small bonds as indicated by the low Altman's z-score. The differences in the characteristics of the firms that issue bonds with different maturity times are less significant.
Bond and stock portfolio returns
The data that I use in my analysis consists of the daily returns 11 of the retail corporate bonds on the ORB and the daily returns of the underlying stocks during the 4-year time period from February 01, 2010 (i.e., the date ORB was launched) to February 01, 2014. The daily prices, adjusted for coupon payments, of the ORB corporate retail bonds and the stock prices of the issuing firms were collected 11 Bessembinder et al. (2006) report that using daily bond data significantly increases the power of statistical tests used to detect abnormal bond returns relative to lower frequency data. Further, the use of higher frequency data can lead to nontrading effects because of infrequent transactions for the individual bonds.
from Thomson Reuters. For firms that issued multiple bonds, I value-weight their percentage price changes to derive the return on their publicly traded debt. Table 4 contains the descriptive statistics for the daily returns of the bond and the stock equally weighted portfolios. The bond portfolios tend to exhibit small daily returns with the exception of the ORB born, High yield, Middle maturity and Far from maturity bond portfolios, while the stock portfolios have significantly higher daily returns. However, the stock portfolios have considerably higher standard deviations as compared to their associated bond portfolios. Notably, the risk increases as the credit quality of the portfolios decreases and as the time remaining to maturity increases. The correlation coefficients between the daily returns of the bond and the stock portfolios are mostly negative and rather moderate, and only for the High yield portfolio is statistically indistinguishable from zero. Noticeable is also that the daily returns of the bond portfolios have a very low correlation with the daily returns of the 3-month UK government bond, implying that the ORB traded retail bonds are not significantly affected by interest rate movements. ***Insert Table 4 around here***
Methodology and Empirical Results
Examining the relative informational efficiency of the ORB market
In order to examine the lead-lag relation between the ORB bonds and the issuing firm's stock returns I assume a general structure for the relation between the bond and stock returns given by the following bivariate vector autoregressive (VAR) system:
where is the variable set , , , ′, , is the daily return on a bond portfolio at time t, and , is the daily return on the associated stock portfolio at time t. The c is the intercept term, and are the coefficient matrices to be estimated, and is the error term. The dynamics of how information is embedded into the bond and stock markets is examined by including the lagging terms in the are insensitive to the number of lags used.
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The null hypothesis states that the ORB bond market and the associated stock market have equal information efficiency. Therefore, if the retail bonds and the associated stocks simultaneously 12
The direction of the lead-lag relation is determined by the type of information released over time. Information on an increase in the firm's future cash flows should lead to an increase in the stock's price. At the same time, the firm's bonds should also increase in value because they are claims on the firm's cash flows and their default risk decreases. Thus, a positive correlation should exist between the firm's bond and stock returns. On the other hand, the arrival of information about a risky project with a potentially high return increases the default risk of the firm's bonds and leads to a lower debt value. But, the value of the stock now increases because of the potential to reap a high return. Thus, a negative correlation should exist between the firm's stock and bond returns. However, these two possible influences on the stock and the bond returns are not mutually exclusive. Thus, the signs of the estimated coefficients of the lagged stock returns in my VAR model represent the net effect of these two possibilities and cannot be safely interpreted.
I test for stationarity in the daily returns of the two dependent variables, , and , , using the Augmented DickeyFuller, and the Phillips-Perron tests (Dickey and Fuller, 1979; Phillips and Perron, 1988) . The null hypothesis of nonstationarity is rejected by both tests for the daily time series of all the bond and stock portfolios at the 1% significance level. Further, the Johansen's cointegration test (Johansen, 1991) rejects the null hypothesis that the retail bond market and the underlying stock market are cointegrated for the time period I examine. Thus, I use the VAR system instead of a Vector Error Correction Model (VECM) system in my analysis. In the interest of brevity, the results of these preliminary tests are not included in the paper. incorporate publicly available information, then the coefficients of all of the lagged cross-market returns should be statistically equal to zero. To test the hypothesis that stock returns do not cause the retail bond returns, I use the Granger (1969) returns. I use ordinary least squares to estimate the VAR system, and I report the results in Table 5 .
In general, the results strongly indicate that the lagged stock returns have predictive power for the bond returns. For example, with the exemption of the Not rated bond portfolio, there are many statistically significant coefficients for the lagged stock returns that help to explain the bond returns.
Further, the Granger test rejects the null hypothesis that the lagged stock returns do not affect the bond returns for all but the Not rated bond portfolios. Further, there is weak evidence for only the All ORB and Large issue bond portfolios that the lagged bond returns lead the stock returns. Thus, my results provide strong evidence of a significant lead-lag relation between the returns of the retail bonds and the stock returns of the issuing firms. This lead-lag relation clearly indicates that the stock market is relatively more informationally efficient than the retail bond market. However, it should also be noted that the detected lead-lag relation is not clearly a causal one, and therefore it might be regarded as a joint reaction to common risk factors. ***Insert Kwan (1996) who find that the stock market is relatively more efficient than the bond market. Downing et al. (2009) and Kwan (1996) This is because in a bond market with high transaction costs, information that induces trading in the stocks might not be of a sufficient magnitude to trigger trading in the firms' bonds. However, in the case of the ORB, the transaction costs are relatively low which implies that the arrival of information that is significant enough to trigger trading in the stock of the firm should also be of significant magnitude to trigger trading in the bonds of the issuing firm. Thus, the higher relative informational efficiency of the stock market over the ORB market cannot be explained on the basis of the significant differences in the cost of the stock and bond transactions.
A likely explanation might be the greater depth and liquidity of the stock market compared to the retail bond market. The trading culture of the more sophisticated institutional investors is typically, heavily weighted towards the stock market and the wholesale bond market. This is because more attention is paid to the stocks and the wholesale credit-rated bonds compared to the retail bonds of the same firm. For example, there are many more stock analysts than bond analysts; and stock analysis is widely disseminated to the buy-side of the market, while an analysis on bonds is predominantly limited to the bonds covered by credit agencies. These rating agencies do not revise their ratings of bonds as frequently as stock analysts revise their analyses about the stocks of the same firms. In addition, stocks are also more actively traded than corporate bonds, which are often held till maturity when they fall into the hands of the big financial institutions. Thus, on the arrival of new information, the stock and the large debt issues of a firm attract most of the trading interest of the institutional investors mainly due to the depth and liquidity of the stock market. Therefore, it is possible that the smaller and less sophisticated private investors trade in the retail bond market on the basis of the same information, but with a time lag. Under this scenario, stock prices should incorporate public information faster than the retail bonds.
Examining the sensitivity of results to interest rate, systematic and firm-specific risk
The investment grade bonds usually have quite stable future cash flows and therefore they generally are more sensitive to changes in interest rates and less correlated with stock returns. On the other hand, the future cash flows of lower quality bonds, which are more likely to default, are more sensitive to information about the value of the issuing firm's corporate assets and less sensitive to changes in interest rates. Further, the high yield bonds usually have higher coupon rates than investment grade bonds that implies shorter durations and less sensitivity to interest rates. For example, the average coupon rate and the duration for the High yield bond portfolio are 6.31% and 4.71 years respectively, compared with 5.86% and 5.33 years for the Investment grade bond portfolio.
In order to further examine the lead-lag relation documented previously, I examine the sensitivity of the ORB retail bond returns to market-wide and interest rate risks by estimating the return generating process suggested by Cornel and Green (1991) . For that reason, I regress the daily returns of the ORB bond portfolios on the lagged daily returns of the bond portfolios, on the daily returns of default-free 14 securities, on the daily returns of the FTSE All Shares index, and on the lagged daily returns of the associated stock portfolios. Specifically, I assume the following return generating process:
where , is the daily return on a bond portfolio at time t, , is the contemporaneous and lagged daily return of a UK government Treasury note of the closest matching maturity to the maturity of the bond portfolio, , is the contemporaneous and lagged daily return on the FTSE All Shares index, , is the contemporaneous and lagged daily return of the associated stock portfolio, is the intercept term, and is the error term. The coefficient , captures the sensitivity of the bond portfolio's daily returns to changes in the rate of the default-free security with similar maturity, the coefficient , captures the sensitivity of the bond portfolio's daily returns to the stock market's returns, and the coefficient , captures the sensitivity of the bond portfolio's daily returns to the returns of the associated stock portfolios.
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The inclusion of the lagged terms allows me to account for the autocorrelation in the return structures of the bonds, default-free securities, market portfolio, and the associated stocks. ***Insert Table 6 around here*** Table 6 displays the estimated summary statistics. I report only the sum of the estimated coefficients and not the individual coefficients because their interpretation is not meaningful in the 14 I use UK Treasury notes with different maturities. In their study, Downing et al. (2009) use the 5-year US Treasury note because it is the most heavily traded Treasury note, but they also report that their findings are insensitive to the maturity of the Treasury note used. Kwan (1996) matches bonds with risk-free interest rates by interpolation of the yields of Treasury bills with constant maturity, while Blume et al. (1991) construct risk-free bond prices by calculating the price of a portfolio of government bonds that closely matches the cash flows of the bonds.
In the estimation of the coefficients, I use Generalized Method of Moments (Hansen, 1982) to take into account the problems related to the possible presence of serial correlation and heteroscedasticity in the error terms. In case this negative relation is true, it might be unexpected given that stocks and bonds tend to exhibit a modest positive correlation in the long run. However, it is well documented that, occasionally, this relation can be negative and persistent, especially during periods of high market uncertainty (Fleming et al., 2003; Hartmann et al., 2001) .
My results are different than the previous results reported in the literature for the US corporate bond market. For example, Hotchkiss and Ronen (2002) 
Economic Significance of Results
I assess the economic significance of the lead-lag relation between the ORB bonds and the associated stocks by forming bond portfolios based on the behaviour of the past returns of the individual stocks. Lo and MacKinlay (1990) , for each ORB bond portfolio, I construct a trading strategy by investing the fraction , in bond bi:
Similar to Downing et al. (2009) and
where N is the number of stocks in the stock portfolio that corresponds to a particular bond portfolio, , is the daily return on the stock of firm si at time t-1, and , is the daily return on the stock portfolio at time t-1. This zero-net investment trading strategy implies that I go long (short) on the bond whose underlying stock has achieved above (below) average returns in the previous period. I rebalance the resulting portfolio periodically (i.e., every day, week, and month), and I also calculate the cumulative return from February 1, 2011, to February 1, 2014 (I reserve the period February 1, 2010, to January 31, 2011, in order to calculate the daily return of the stock portfolio). If the lead-lag relation between the stocks and bonds is economically significant without including the trading costs, then the formed portfolio of bonds should lead to an excess return. ***Insert Table 7 around here***
The results in Table 7 show that for all of the holding periods, the average return is close to zero for all of the bond portfolios. However, the cumulative return is positive for all of the bond portfolios and holding periods. Specifically, the highest cumulative returns are provided by the bonds that are contained in the ORB born, High yield, Not rated, Small issue, and the Far from maturity bond portfolios. For example, when the bond portfolios are held for one week, the cumulative returns for the ORB born, High yield, Not rated, Small issue, and Far from maturity categories are 2.642%, 4.678%, 6.213%, 6.866%, and 4.798% respectively. In general, the longer the bond portfolio is held, the larger the total return is. For example, for a holding period of one day, the cumulative return is 3.231% in the Not rated category, but for one week and one month the cumulative returns increase to 6.213% and 7.911% respectively. The profitability of this strategy ultimately depends on the cost of the bond transactions. In most corporate bond markets, transaction costs tend to be considerable and thus, any potential trading profit is likely to be eliminated in the long run.
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However, the ORB is a market with low transaction costs that implies that private investors are likely to be able to exploit the lead-lag relation between the retail bonds and the stocks of the issuing firms.
Conclusion
I study the relative informational efficiency of the corporate retail bonds available for trading in the recently launched Order book for Retail Bonds in the London Stock Exchange. Although the ORB is a recent development, its launch has been a success among investors and issuers in terms of providing depth and liquidity to a market that previously, retail investors and firms could not access properly.
This study contributes to the literature by showing how the arrival of publicly available information is factored into the prices of retail bonds and the issuing firms' stocks. I use daily returns for portfolios of bonds born in the ORB; pre-existing bonds that were transferred to the ORB from the LSE's Main Market; as well as for bonds of different credit quality, issue size, and time to maturity to examine the relative informational efficiency of retail bonds and stocks issued by the same firms. Specifically, I use a bivariate VAR system to investigate the lead-lag relation between the returns of the bonds and those of the issuing firms' stocks.
My results establish a significant lead-lag relation between the daily returns of the underlying stocks and the retail bonds, indicating that the stock market is more efficient relative to the retail bond market in incorporating common information. My findings do not vary with respect to the credit quality, the issue size, and the time remaining to maturity of the bonds, or even with respect to whether 17 Edwards et al. (2007) report average round-trip transaction costs of about 124 and 48 basis points for small (i.e., $20,000) and large transactions (i.e., $200,000), respectively, in the US OTC corporate bond market (similar results are reported in the literature by Goldstein et al., 2006; Hong and Warga, 2000; Harris and Piwowar, 2006) . the bonds were issued in the ORB or were transferred to the ORB from the LSE's Main Market. In addition, given the low cost of order execution, the cost of transactions is not a satisfactory explanation for the relative inefficiency of the ORB. Instead, the possibility exists that with the arrival of publicly available information, private investors trade in the ORB with a time lag mainly because of the depth and liquidity of the stock market. I also show that it is possible to devise economically significant speculative trades based on the lead-lag relation between stocks and bonds. Although, profitability ultimately depends on the cost of the bond transactions, the ORB is a market with low transaction costs that implies that private investors can likely exploit the lead-lag relation between the retail bonds and the stocks of the issuing firms.
Although the overall success of the ORB should be assessed over the course of many years, this study represents an important first step forward in understanding the relative informational efficiency of this retail corporate bond market. Although it might be interesting to examine additional important characteristics of the ORB, like the market's quality and cost effectiveness, such an analysis is not currently possible due to the unavailability of appropriate data. However, if appropriate data becomes available, examining additional important properties of the ORB market would be a natural extension of this study. Table 1 displays the descriptive statistics for the ORB bond issues and all bonds, corporate bonds, ORB born bonds, and non-ORB born bonds listed on the ORB at the end of January 2014. In total there are 41 new bond issues and 6 subsequent taps of existing ORB issues. Of the 41 new bond issues, 33 are fixed rate, 4 are variable rate, and 4 are inflation-linked rate issues. In addition to the new issues, a significant number of bonds were transferred from the LSE's Main Market to the ORB. In total, there are 179 bonds trading on the ORB that include 106 corporate bonds, 68 gilts, 4 supranational bonds, and 1 international bond. Of the 68 gilts, 57 are fixed, 8 are variable, and 3 are inflation-linked rate bonds. Further, 97 corporate bonds are fixed, 8 are variable, and 1 is inflation-linked rate bonds. There are also 6 perpetual gilts and 4 perpetual corporate bonds that are excluded from the calculations of 'Duration', 'Years to maturity', and 'Maturity'. The calculations of 'Duration', 'Years to maturity', and 'Maturity' refer to the end of January 2014. Of the 111 corporate, supranational, and international bonds, 90 are senior and 21 subordinated bonds. The term 'Senior' describes bonds that have priority over 'Subordinated' bonds in the case of a bankruptcy. 's' is the total number of bond issues in the ORB, 'N' is the total number of bonds on ORB, 'n' is the total number of corporate bonds on ORB, 'm' is the total number of ORB born corporate bonds, and 'p' is the total number of non-ORB born corporate bonds (i.e., those bonds transferred from LSE's Main Market to ORB). Further, 'St.Dev.' denotes the standard deviation, 'YTM' is the Yield-to-Maturity of the bonds, and 'Min' and 'Max' denote the minimum and maximum values respectively. * The minimum coupon rate of zero is offered by a corporate bond issued by The Royal Bank of Scotland that pays 1.3 times any annual increase in the UK Retail Price Index. ** The four supranational bonds were issued by the European Investment Bank, and the one international bond was issued by HSBC Bank plc and is the first and only bond in the ORB denominated in a foreign currency (i.e., Chinese Renminbi). Table 2 displays the daily average values for the characteristics of the ORB bond portfolios used in the empirical analysis. The 'Number of Bonds' gives the number of bonds in a portfolio. The 'Coupon' gives the average coupon, the 'Yield' gives the average yield, the 'Duration' gives the average duration, the 'Years to Maturity' gives the average time remaining to maturity, and the 'Bid-Ask spread' gives the average bid-ask spread of the bonds in a portfolio. The 'Investment grade' portfolio contains bonds with a credit rating of BBB and above, the 'High yield' portfolio contains bonds with a credit rating lower than BBB, and the 'Not rated' portfolio contains all bonds that are not rated by Moody's, S&P, and Fitch. Bonds issued by a firm that is not publicly listed, perpetual bonds, supranational bonds, and one international bond are excluded from my analysis. I also exclude bonds for which data of less than a year (i.e., 250 daily observations) are only available. Further, when a firm issues more than one bond, I form a value-weighted portfolio of the multiple bonds whose characteristics I then consider to represent the characteristics of the debt issued by that particular firm. Table 3 displays the daily average values for the characteristics of the associated stock portfolios. The 'Return' gives the average daily return of all firms in the associated stock portfolios over the time period examined (i.e., February 1, 2010 to February 1, 2014), and the 'Market Capitalization' gives the average market capitalization of the bond issuers at the end of the examination time period (i.e., February 1, 2014). The 'Altman's z-score' gives the Altman's (1968) average measure of financial distress (z >2.6 indicates that a firm is in the safety zone, 1.1 <z< 2.6 indicates that a firm is in the gray zone, and z <1.1 indicates that a firm is in the bankruptcy zone). The 'Total Liabilities/Total Assets' gives the average ratio of the total liabilities and the total assets of the firm. Table 4 : Descriptive statistics of the daily returns of the bond and the stock portfolios Table 4 contains the descriptive statistics for the ORB bond portfolios and the associated stock portfolios. For both the bond and the underlying stock portfolios, 'Mean' is the average daily return, and 'St.Dev.' is the standard deviation of the daily returns. The ρB,S is the contemporaneous correlation between the bond and the stock daily returns, and ρB,T is the contemporaneous correlation between the bond and the 3-month UK government bond daily returns. The p-value of the null hypothesis that the estimated correlation is statistically equal to zero is given in parenthesis. where is the variable set , , , ′, , is the daily return of the ORB bond portfolios at time t, , is the daily return on the underlying stock portfolio at time t, and L(= 5) is the lag length. The α is the intercept term, and are the coefficient matrices to be estimated respectively, and is the error term. The t-statistics of the coefficient estimates are given in parentheses below the estimates. The 'N' is the number of observations used in the analysis, and the 'Granger' is the F-statistic (p-value in parenthesis) of the null hypothesis that all estimated coefficients of the lagged cross-market returns are statistically equal to zero.
Lagged Bond returns Lagged Stock returns
N Granger
All ORB bonds 1040 Table 7 reports the profit or loss of the zero-net investment trading strategies based on the bond portfolios that are formed by assigning a positive (negative) weight to the bonds whose associated stock achieved an above (below) average return over the previous period. The 'Mean' gives the average return for the holding period, and the 'Total' gives the cumulative return for the period February 1, 2011, to February 1, 2014. 
Holding period
